This study aimed to adapt the Physical Metacognition Inventory (PMI) developed by Taasoobshirazi and Farley (2013) to Turkish. PMI consists of 24 items and six factors. The scale items were translated into Turkish by the researchers, and a Turkish-English comprehensibility form was prepared to elicit the opinions of Turkish-English language experts. After making the necessary revision according to the feedback of the experts, a confirmatory factor analysis (CFA) was undertaken. A total of 554 students participated in the research, selected from prospective teachers enrolled in the science teaching and classroom teaching programs offered by education faculties or prospective engineers studying in engineering faculties. The results of CFA revealed that the factors and related items of the adapted scale were the same as in the original version. The reliability of measurement was calculated as 0.93 for the whole scale. The adapted PMI presented in this research can be applied to evaluate the level of metacognition used by high school and university students in solving physics problems.
INTRODUCTION
Metacognition refers to knowledge and cognition about a cognitive phenomenon (Flavell, 1979) . Thinking about metacognition is to become aware of what we know and what we do not know (Blakey & Spence, 1990; Lai, 2011) . In other words, it means reflecting, understanding and managing one's learning (Schraw & Dennison, 1994) . When the definitions related to metacognition are examined, it is observed that they generally focus on the individual's awareness and control of his/her knowledge and processes related to learning while cognition is more related to the mental learning of individuals. Metacognition consists of two dimensions: knowledge of cognition related to one's own cognitive resources and regulation of cognition containing information used in the problemsolving process. Knowledge of cognition comprises the sub-scales of declarative, procedural and conditional knowledge, and regulation of cognition encompasses planning, monitoring, evaluation, debugging, and information management (Taasoobshirazi & Farley, 2013) . The subdimensions of the metacognition are presented in Figure 1 . (Taasoobshirazi & Farley, 2013) The knowledge of cognition as the first component of metacognition during problem solving tasks refers to the effect of the students' performance in relation to how they use these strategies appropriately in accordance with the task (Brown, 1978) . Declarative knowledge, a sub-scale of knowledge of cognition, is related to the factors affecting the person himself/herself and his/her learning performance. Procedural knowledge concerns knowing what strategy to use and when. Conditional knowledge is knowing when and why to use the remaining components of knowledge of cognition (Taasoobshirazi & Farley, 2013) . The regulation of cognition as the second component of metacognition also refers to how learners monitor, control, and regulate their cognition and learning (Pintrich, 2002; Schraw, Crippen & Hartley, 2006; Schraw & Moshman, 1995) . Of the sub-scales of regulation of cognition, planning concerns goal setting, activation of past information, and arranging time; monitoring is the self-evaluation of an individual at certain intervals; evaluation refers to reviewing one's learning and associated products and process; debugging is the elimination of unnecessary information; and lastly information management concerns using individual-specific strategies to solve a problem effectively (Taasoobshirazi & Farley, 2013) . Over the past decades, metacognition received much attention in the science education literature. Particularly in recent years, metacognitive instruction has been shown to improve students' conceptual understanding of science (Abd-El-Khalick & Akerson 2009; Colthorpe, Sharifirad, Ainscough, Anderson & Zimbardi, 2018) and develop their higher-order thinking (Ghanizadeh, 2018) and problem-solving skills (Akben, 2018) . Also, metacognition has been considered as one of the most important issues in the students' success in problem-solving. For example, in physics classes, students should practice meta-cognitively throughout processes of solving physics problems by defining the goals in the problem, mental representation of the problem, selecting the proper strategies, connecting prior knowledge, planning, monitoring, and evaluation of possible solutions (Güss & Wiley, 2007; Taasoobshirazi & Farley, 2013; Taasoobshirazi, Bailey & Farley, 2015) . Research has revealed that some students are unable to solve non-routine physics problems because of the lack of the metacognitive skills or awareness (Selçuk, Çalıskan & Erol 2007; Anzai & Yokoyama 1984; Stewart & Rudolph 2001) . Students can acquire metacognitive knowledge theoretically, but there is a strong need for practical implementation during problem-solving processes in physics lessons (Georghiades, 2004; Thomas, 2012; Zohara & Barzilai, 2013; Hutner & Markman, 2016) . Metacognitive tasks in physics courses allow the students to gain experience and develop metacognitive skills (Veenman & Spaans 2005; Veenman, 2011) . The first attempt to include metacognitive thinking in the physics problem-solving process seems to be to reveal the metacognitive awareness of students. Because it is important to determine what level the students have before developing their metacognition (Öztürk, 2017) . At this point, one more important element is the development or adaptation of standardized instruments for the participants. Therefore, the first aim of this study is to adapt into Turkish the Physics Metacognition Inventory (PMI) developed by Taasoobshirazi and Farley, (2013) , which is a 5-point, Likert-type scale. However, first it is necessary to determine the cognitive status of students prior to commencing the research. One potential reason for the lack of studies examining the role of metacognition on physics problem-solving is the absence of an inventory that measures metacognition for science problem-solving. Most of the existing research examining metacognition for problem-solving in science has done so using primarily verbal interviews or a small set of researcher-developed items (Rozencwajg, 2003) , and this indicates that students who are more metacognitive during physics problem-solving are more likely to correctly solve the problems (Neto & Valente, 1997; Rozencwajg, 2003) . The lack of research on the role of metacognition in physics problem-solving is problematic given the significance of problem-solving for success and improvement in physics (Chi, 2006) . A review of the literature revealed the availability of attitude scales related to physics teaching and physics laboratories (Kurnaz & Yiğit, 2010; Nuhoğlu & Yalçın, 2004; Tekbıyık & Akdeniz, 2010) ; however, there is no measurement tool in the Turkish literature for measuring physics metacognition. In the current study, PMI developed by Taasoobshirazi and Farley (2013) was adapted to Turkish to fill the gap in the national literature and guide researchers and practitioners.
METHOD
This was a scale adaptation study. Scale adaptation refers to the process in which a scale that was developed in another language and proven to be reliable and valid is adapted to another language and culture and made ready for use through reliability and validity tests (Seçer, 2015) . In this research, PMI developed by Taasoobshirazi and Farley (2013) was adapted to Turkish.
Study Group
The study group was selected according to the criterion sampling technique, in which observation units may be persons, objects or situations with specific characteristics (Patton, 2002) . The criterion in this study was determined as the participants in this research group taking the physics course at the university level. The study group consisted of prospective teachers enrolled in the science teaching and classroom teaching programs and prospective engineers studying in the faculty of technology in two universities located in the Central Anatolia Region of Turkey. Table 1 presents detailed information about the main study group. A total of 96 students (62 female, 34 male) participated in the pilot study and 458 students (347 female, 111 male) in the main study. In addition, one Turkish language expert, one English language expert, and six field experts with a PhD in science and physics education were consulted during the scale adaptation process. Analyzes were carried out from the data of 458 students who participated in main study. The pilot study focused on whether there were any problems understanding of PMI. 
PMI
The PMI instrument developed by Taasoobshirazi and Farley (2013) is based on the theory of processing information. It consists of 24 items presented under the two main dimensions of knowledge of cognition and regulation of knowledge, which have a total of six sub-scales: declarative, procedural and conditional (sub-scales of the former), and planning, monitoring, evaluation, debugging, and information management (sub-scales of the latter). Table 2 presents the items under the PMI factors. The number of items under the factors of PMI varies between two and six ( Table 2) . None of the items contain a negative statement. This inventory is based on a 5-point Likert-type scale with the following possible responses: always true of myself (5), almost always true of myself (4), sometimes true of myself (3), rarely true of myself (2), and never true of myself (1) (Taasoobshirazi & Farley, 2013) .
Procedure
As a matter of academic courtesy, the corresponding author of the PMI study (Gita Taasoobshirazi) was contacted and permission was obtained to adapt the scale into Turkish. The scale was first translated into Turkish by the researchers. At this stage, one Turkish and one English language expert were consulted. In the first stage, the translated version of the inventory was completed by five prospective teachers to confirm that the items were understandable. Then, a Turkish-English comprehensibility form was prepared to elicit the opinion of six field experts from science and physics teaching. The correlation coefficients of each expert's score was calculated and the necessary corrections were undertaken by the researchers. After revision according to the feedback from the experts, the Turkish version of the scale was administered to 96 students in a pilot study. The analysis of data obtained from the pilot study revealed that the factors and item distribution were in line with the original scale. Thus, the main study was undertaken with 458 participants and data analysis was conducted.
Data Analysis
AMOS 21 and SPSS 21 programs were used for data analysis. A confirmatory factor analysis (CFA) was performed using the AMOS 21 program. In CFA, a previously determined model or hypothesis on the relationship between variables is tested (Büyüköztürk, 2004) . In this study, the first level multi-factor model for the adapted PMI was tested. The variables that can be observed in this model are grouped under more than one independent dimension (Meydan & Şeşen, 2015) . Using the SPSS 21 program, Cronbach's alpha values were calculated for the whole PMI and each factor to determine reliability of measurement, the corrected item-total correlations of the factors and t-test between the upper and lower 27% scores were performed, the mean and standard deviation values and the correlations between the sub-scales were determined, and the test-retest reliability was undertaken. In addition, for criterion validity PMI scores were analyzed according to the participants' gender and department.
RESULTS

Translation of PMI into Turkish
After the translation of PMI into Turkish by the authors, one Turkish and one English language expert were consulted. The Turkish-English comprehensibility form was completed by six science and physics teachers. The experts scored the translation of each item from 1 to 5. The correlation coefficient between the scores of the experts and the mean item scores were calculated. In this process, it was checked whether the mean score given to the translation of the items in the scale was 4.0 or above, and the standard deviation was 0.7 or below. The mean score was calculated as 4.3 and the standard deviation as 0.4. Language experts have suggested some words to be changed. In addition, the recommendations made by the experts do not contain a substance that does not comply with the Turkish culture. This is due to the lack of direct translation.
Results of Reliability Analysis
The measurement reliability values of the Turkish version of the whole PMI and its factors were calculated using the SPSS 21 program. Table 3 shows the measurement reliability values of the sub-scales of both the original and adapted versions of PMI. The measurement reliability of the sub-scales in the English and Turkish PMI ranged from 0.92 to 0.68, and 0.87 to 0.72, respectively. This suggests that the measurement reliability of the PMI sub-scales of the adapted scale was at an acceptable level (Nunally, 1978) . The overall measurement reliability of the Turkish PMI was calculated as .93.
Results of CFA
The original six-factor structure of PMI was tested via CFA using the AMOS 21 program. Fit indices, namely chi-square goodness (χ 2 ), goodness-of-fit index (GFI), adjusted GFI (AGFI), and the root mean square error of approximation (RMSEA) were examined. A scale is considered to be acceptable if the values for these indices are as follows: less than 5 for the ratio of χ 2 to the degree of freedom, greater than .90 for GFI, greater than .80 for AGFI, greater than .90 for CFI, and .05 to 0.8 for RMSEA (Klein, 1998) . All the fit indices obtained were within acceptable psychometric ranges (χ 2 /df=3.55, GFI=0.86, AGFI=0.82, CFI=0.89, RMSEA=0.07). The tested model is shown in Figure 2 . 
Results of PMI Item Analysis
In order to determine the discriminatory levels of the items in the adapted PMI and their predictive power for the total score, the corrected item-total correlation was calculated using Pearson's product moment correlation, and upper and lower 27% group comparisons were undertaken employing an independent samples t-test. Table 4 presents the results of the t-test conducted to determine the significance of the differences between the item mean scores of the upper 27% and lower 27% groups created according to the PMI total scores. The corrected item-total correlations ranged from 0.45 to 0.71, and the t values were significant (p<.05) ( Table 4) . Item-total correlation coefficients of r≥.40 are classified as very good (Nunnally & Bernstein, 1994) . In this context, for the adapted inventory, the correlation between the items and the total scale was very good (r≥.40). The significance of the t values for the differences between the lower and upper groups was considered to be evidence for the discriminative power of the items (Erkuş, 2012; Tezbaşaran, 1996) . According to these criteria, it can be stated that all the items in the scale were discriminative. 
Correlation between the Sub-Scales of PMI
Correlation values between the sub-scales of PMI can be seen in Table 5 . The correlation values between the sub-scales of PMI ranged from 0.24 to 0.88 (Table 5 ). In addition, when these results were examined together with the correlation coefficients given in Table 4 , it was observed that the values generally indicated a moderate and high level of relationship between the sub-scales. (Büyüköztürk, 2014). 
Findings about Criterion Relation Validity
For criterion validity PMI scores were analyzed according to the participants' gender and department. The results of t-test whether there was a significant difference between female and male students' PMI scores, are shown in Table 6 . Table 7 shows the results of ANOVA test for the participants' PMI scores according to the department. 
Findings Related to the Test-Retest Method
To determine the reliability of the test-retest method, the PMI was administered to 52 students at 40 days interval, and Pearson product-moment correlation coefficients were calculated. These correlation coefficients were 0.78 for the entire scale, 0.76 for the factor 1, 0.73 for the factor 2, 0.86 for the factor 3, 0.76 for the factor 4, 0.82 for the factor 5 and, 0.85 for the factor 6.
DISCUSSION and CONCLUSION
The use of standardized measurement instruments tested in international validity and reliability studies increases the quality of research. Furthermore, the adaptation of scales that are sufficiently known in international publications to Turkish allows researchers obtain comparable data in a shorter time and facilitates communication (Şahin, 1994) . From this perspective, PMI developed by Taasoobshirazi and Farley (2013) , consisting of 24 items and six sub-scales, was adapted to Turkish in the current study. In order to minimize the differences between cultures in the adaptation process, language and field experts were consulted. CFA was applied to test the structure of the adapted scale. The values obtained from CFA were within the accepted ranges reported in the literature. In other words, the calculated fit indices indicated that the tested model was acceptable. In addition, the moderate-and high-level correlations found between the factors confirmed that divergent validity was achieved. The test-retest scores were calculated to further improve reliability. The t-test conducted between the mean item scores of the upper 27% and lower 27% groups for the discriminative power of the items revealed that the differences were significant for all items. Cronbach's alpha reliability coefficient for the whole scale was calculated as .93.
In conclusion, the factors of the adapted version of the PMI scale and the items under these factors had the same structure as the original PMI. The results obtained from the analyses showed that the adapted PMI had acceptable psychometric values (Klein, 1998) . The item distribution was as follows: six items in Factor 1 (knowledge of cognition: declarative, procedural, conditional), four items in Factor 2 (regulation of cognition: information management), four items in Factor 3 (regulation of cognition: monitoring), three items in Factor 4 (regulation of cognition: evaluation), two items in Factor 5 (regulation of cognition: debugging), and five items in Factor 6 (regulation of cognition: planning). In the Turkish literature, there is no measurement tool that evaluates the physics metacognition of high school and university students. Therefore, it is considered that the adapted PMI will greatly contribute to the field. However, the number of participants and experts was limited to those specified in the method section. In addition, validity of conformity with an equivalent scale was not undertaken. Therefore, the validity of the scale can be further investigated using different scales related to physics and science education. The Turkish PMI presented in the current study can be applied to evaluate the level of high school and university students' metacognition in solving physics problems. It can also be employed to determine the degree to which various methods and techniques affect physics metacognition. In future studies, the validity and reliability analyses of the adapted scale can be retested on data to be obtained from students enrolled in different departments of universities, as well as high school students to increase the generalizability of the adapted scale.
